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To all whom it may concern:

Be it known that I, Hrrserr A. ENDRES,
a citizen of the United States, residing
at Lompoc, county of Santa Barbara, State
of California, have invented a new and
useful Article of Manufacture and Process
of Making Same, of which the following
is a specification.

This invention relates to the process of
manufacturing a finely divided material
having a large surface area, by chemical
disintegration rather than by grinding or
milling. The product made in accordance
with this invention is particularly adapted
for use in filtration, de-emulsification, ther-
mal insulation, an ingredient in concrete
and cements, a carrier for catalytic agents
and as a filler in numerous compounds such
as rtubber, phenol-condensation products,
polishes, etc., wherever a fine porous product
1s needed.

It has been known for some time that
lime and silica slowly react, and although
steam under pressure accelerates the action
slightly, the reaction takes a numbet ~of
hours and even then is very incomplete.
This combination of lime and silica has
been used in the manufacture of sand-lime
brick. I have found, however, that when
a water suspension of a finely ground or
powdered silica is treated with lime, at tem-
peratures near the boiling point, . a rapid
reaction takes place, whereby a voluminous,
almost gelatinous mass of hydrated mono-
_calcium silicate is produced.. By calcining
the wet mass at a high temperature a very
finely divided material is obtained.

Mechanical means of grinding or reduc-

. ing the particles of solid materials are
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limited in their application to a product
which. will pass 250-325 mesh screens, but
by means of my invention I can make a
material which will have an average particle
size of about one micron (0.0000394 inch)
or less, corresponding to a material of about

6000 mesh. .

The finely divided silica used by me in
the manufacture of a finely divided product
may be pulverized sand or quartz, but pref-
erably diatomaceous earth, otherwise known
as infusorial earth, tripoli, diatomite, kiesel-
guhr, or fossil flour. Some attempts have
been made to pulverize crude diatomaceous
earth to a fine state of division, but as has

been said, mechanical means of disintegra-
tion have certain limitations as to minimum
particle size obtainable. In my process I
utilize certain chemical forces which make
it possible to obtain a very much finer
particle size. '

My invention is disclosed on the accom-
panying diagrammatic flow. chart. When-
ever it is desirable to calcine limestone to
make lime for my process, limestone is
charged into the kiln or other suitable fur-
nace (1) and the carbon dioxide gases uti-
lized later on. The burned lime may be
ground or otherwise reduced to the required
state of division in any suitable apparatus
(6) and then conveyed to a mixing tank or
reaction chamber (2) which may be, for
example, an open top tank, having means
(9) of supplying cold or previously heated
water thereto, means (7) of supplying heat,
for example, by means of steam coils, and
means (8)-of supplying powdered silicious
material thereto. The tank (2) should bg
provided with suitable agitating means.

At the completion of the reaction the
resulting product may be conveyed as indi-
cated by (11) to suitable dewatering or
separating apparatus (3) which may con-
sist of vacuum type filters or settling tanks.
The dewatéred product is then conveyed by
means (12) to a calciner of suitable design
(4). The effluent from the separating appa-
ratus (3) may be returned by means (14)
to the reaction chamber or allowed to go
to waste. As an alternative method of pro-
cedure the product of the reaction chamber
(2) may be conveyed as indicated by means
(13) directly to the calciner (4).

As an additional variation in my process,
tank (2) may be merely used as a mixing
chamber and the mixed mass conveyed by
means (21) to an autoclave or pressure tank
(22) having suitable means of supplying
steam (23) or heat thereto, wherein the
reaction may take place at super-atmos-

pheric pressure and temperatures in excess .

of 212° F. The product of such reaction
is then conveyed by suitable means (24) to
the calciner or roaster (4). Or the mixing
operation in tank (2) may be eliminated
and the lime, water and silicious material
fed directly into the autoclave or pressure
tank (22). This tank should be provided
with appropriate agitating or mixing means
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so as to assure thorough mixing of the in-
gredients and prevent undue caking or
agglomeration.

After calcination has taken place, the re-
sulting finely divided material may be con-
veyed as indicated by (18) to a carbonation
chamber (5) wherein it may be exposed to
a large volume of air or other CO, bearing
gases. The carbon dioxide resulting from
the calcining operation at (1) may be con-

veyed by means (15) and (17) to this

chamber. After carbonation the product is
in finely divided condition and ready for
commercial uses. As an alternative step in
my process, the carbon dioxide gases result-
ing from the calcining operation at (1) may
be conveyed by means (15) and (16) to
the calciner (4) and the calcining and
carbonating operations performed simul-
taneously.

Upon adding lime to the water suspension
of diatomaceous earth the reaction takes
place quickly, but becomes very violent at
temperatures around 212° F., and after boil-
ing for a period of 114 hours, no diatoma-
ceous structure is visible in the mass. The
silicate which is formed is highly hydrated,
becomes very bulky and water must be added
{from time to time as the reaction proceeds,
to compensate for loss by evaporation and
prevent a stiff mass from forming. The
exact composition of the product of this
reaction is not definitely known, although
it appears that a calcium silicate having the
composition Ca0.5i0,.214H,0 is formed in
large amounts.

When this highly hydrated calcium sili-
cate is dehydrated by calcination at temper-
atures ranging from 1000° to 1600° F. a pul-
verulent, impalpable material is obtained,

- having a particle size varying somewhat

45

50

55

@0

65

with the amount of lime used during the
reaction, the amount of water added, and the
temperature of calcination. Samples have
been prepared in which the average particle
size was essentially below one micron but
much coarser grades can be prepared by
longer heating of the mass, reducing the
quantity of lime used, etc. When an excess
of lime is used, particle size becomes smaller,
probably due to a more complete and rapid
combination of the comminuted silica and
the lime and consequently a more complete
dissociation during calcination. The prod-
uct resulting from such calcination consists
essentially of ealcium metasilicate.
‘Whenever more lime than is theoretically.
needed to form the silicate had been added,
the product contains some finely divided
anhydrous lime (CaQ). If the calcination
is carried out below 1500° F. in the presence
of carbon dioxide (CO,) the' excess lime
present forms minute particles of calcium
carbonate so that the final product is a mix-
ture of calcium metasilicate and calcium car-
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bonate. The material which may be manu-
factured by my process may therefore con-
tain any predetermined amount of CaCO,
or none, depending upon the proportional
amounts of lime used.

The calcination of the reaction mixture
differs from slow drying in that it thor-

oughly dehydrates the mass, stops crystal-

growth by rapidly removing the water
which is the medium  or vehicle through
which the growth takes place -and prevents
the agglomeration -and coalescence which
usually occurs when finely divided precipi-
tated materials are slowly dried. 'The ac-
tion obtained during calcination is probably
similar to what would occur if a sealed light
glass bulb partly filled with water was sud-
denly exposed to a high temperature.
wateir vaporizes rapidly and disrupts the
particles, breaking them up into various fine
segments.

One specific method of procedure in the
operation of my process is as follows: 60
pounds of finely divided diatomaceous earth
or other finely ground silicious material are
dispersed in 500 pounds of water and the
mixture heated to boiling. About 56 pennds
of freshly burned quick lime are then gradu-
ally added with constant agitation and more
water is added from time to time as the re-
action takes place, until a total of 500
pounds of additional water are added. The
mixture is then boiled for three hours with
constant agitation to prevent baking on the
bottom of the container and the voluminous,
highly hydrated mass is then partially de-
hydrated or freed from excess entrained
moisture on a suction filter. The still wet
mass is then fed to a furnace operating at
from 1000 to 1600° F. where all water of hy-
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dration is driven off and mass reduced to a =

very fine state of division. Calcination at
1400° for about half an hour gives very good
results. '

It is preferable to use excess quantities of
lime as this increases the speed of reaction

in the heating and boiling chamber and by

reducing the time of reaction necessary, pre-
vents the growth of large crystals of

Ca0.8i10,.215H,0, the large crystals being

detrimental to the production of a final
product of fine division. Theoretically only
56 parts of lime are required to react with
60 parts of silica to form CaSiO, but I have
used larger quantities, for example, 112 parts
lime and obtained a product composed of al-
most equal parts of CaSiO, and- CaCO,.

One of the methods of operating my
process, when the latter equivalent amounts

are used, is as follows: Crude limestone is’

burned at a temperature about 1500° F. and

the quicklime added to a boiling suspension-

of diatomaceous earth in water in the ap-
proximate proportions-of 112 pounds lime
to 60 pounds of diatomaceous earth. After
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keeping the mixture at about.212° F. for a
sufficient length of time to assure the com-
bination of all silica with the lime the mass
is partly freed from mechanically held
water in a suitable type of filter or de-wa-
terer, as for example, a continuous suction
filter or settling tank, and is then charged
to a suitable furnace or oven where it is sub-
jected to a temperature of from 1000 to
1500° F. The carbonation of the CaO pro-
duced in calcining the hydrated mass may
be accomplished either in the furnace by
performing such calcination in an atmos-
phere of CO, or after calcination the prod-
uct may be subjected to the action of CO, or
the carbonation may comprise both methods.
The CO, may be easily obtained as a by
product from the limestone-calcining opera-
tion and used in the carbonation of the final
caleined product.

The reaction produced by mixing lime
with a boiling suspension of diatomaceous
earth in water is so violent that I have
found it advisable to dilute the suspension
with large amounts of water in order to
prevent spattering and loss. As has been
said before, the crystal growth is retarded
and a finer product is obtainable from con-
centrated suspensions and for this reason
T have found that the following alternative
method of procedure muy be adopted very
successfully. ’

An autoclave or closed steam heated tank
is filled with a suspension of 120 lbs. of
finely divided diatomaceous earth in 750
Ibs. of water and 224 lbs. of lime dispersed
in an additional 750 lbs. of water is mixed
therewith, the entire mixture is then kept
heated for about 45 minutes at 15 lbs. pres-
sure, 250° F., and at the end of this time,

‘or when reaction is completed, the mass

ic removed from the autoclave and calcined
and carbonated as described above

By means of the above alternative method
of operation no water is lost by evaporation,
the reaction takes place much more rapidly,
it is not necessary to remove excess water
by filtration before the calcining operation,
and as the reaction takes place rapidly, it
is possible to make a very fine product. The

ingredients may be fed directly to the auto--

clave, or preferably, to a mixer and then
tu the autoclave, so that one mixer can sup-
ply material for a number of the latter
units. '

By employing a suitable excess of lime
(about three equivalents on the amount of
diatomaceous earth or silica depending upon
the activity of the lime)'and a sufficiently
finely divided diatomaceous earth or silica,
the heat of hydration of the lime can be
urilized in carrying out the reaction, no
further application of heat being necessary
after the lime has been added to the hot
suspension of diatomaceous earth or silica.

The product of this reaction is then cal-
cined or it may be calcined and then car-
bonated as described.

The product produced in accordance with
my invention may be used as a filler in
paints, dental powders and pastes, soaps,
polishes and various other compositions.
The fine state of division of my final prod-
uct gives a material having great surface
area and for this reason it may be very
effectively used as a carrier for catalytic
agents as for nickle, for example in the
hydrogenation process. It may also be very
effectively utilized as an absorbent for gases,
moisture or other liquids and malodorous
substances. The product may be used to
great advantage in the manufacture of rub-
ber goods, such as tires, treads, containers,
etc. and as a lubricant and water tightening
agent for concretes or hydraulic cement
compositions.

What T claim is: :

1. The process of producing a finely
divided material comprising heating a mix-
ture of a finely divided silica and lime in
water, and then calcining the resulting
product. -
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2. The process of producing a finely

divided material comprising heating a mix-

0 . . . [}
ture of diatomaceous earth and lime in °

water, and then calcining the resulting
product. ’ '

3. The process of producing a  finely .

divided masterial comprising mixing lime
with a water suspensién of finely divided
silica, heating such mixture to the boiling
point. until reaction occurs, and then cal-
cining the product of such reaction.

4. The process of producing a finely
divided material, comprising mixing lime
with a water suspension of disintegrated
diatomaceous earth, heating,such mixture
to the boiling point until reaction occurs
and then calcining the product of such re-
action. v :

5. The process of making a finely divided
material comprising mixing lime with dia-
tomaceous earth, adding water to the mix-
ture, aplying heat thereto until reaction
oceurs, removing the excess water from the

product of such reaction and then calcining -

finely divided -

the partly dried product.

6. The process of making a
material, comprising mixing lime with dia-
tomaceous earth, adding water to the mix-
ture, applying heat thereto until reaction
occurs, removing the excess water from the
product of such reaction, calcining the partly
dried product, and exposing the calcined
product to the action of carbon dioxide.

7. The process of producing a finely di-
vided material comprising mixing lime with
finely divided silica in the presence of water,
maintainng such mxture at about the tem-
perature of boiling water until reaction oec-
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curs and then calcining the product of such
reaction at a temperature of from 1000 to
1600° F. :

. 8. The process of making a new article
of manufacture comprising mixing lime with
disintegrated diatomaceous earth in the pres-
ence of water, maintaining such mixture at
about the boiling point until reaction occurs,
calcining the product of such reaction av a
temperature of from 1000 to 1600° F. ana
carbonating the product of such calcination.

9. The process of making a new article
of manufacture ccmprising mixing lime
with disintegrated diatomaceous earth in the
presence of water, maintaining such mixture
at about the boiling point until reaction oc-
curs, removing the excess water from the

product of such reaction and then calcining -
.the partly dried product at a temperature

of from 1000 to 1600° F. and carbonating
the product of such calcination.

10. The process of making a finely di-
vided material, comprising mixing lime with

diatomaceous earth, adding water to the.

mixture, applying heat thereto until reac-
tion cceurs, removing the excess water from
the product of such reaction, and subjecting
the product to the action of carbon dioxide.

11. A new article of manufacture pro-
duced by mixing disintegrated diatomiceous
earth with sufficient lime to combine there-

with, producing a reaction by heating the.
-mixture in the presence of water and subject-
‘ing the product to the action of carbon

dioxide. . _
12. ‘A new article of manufacture pro-

"duced by mixing approximately 60. parts of

disintegrated diatomaceous earth with 112

‘parts of lime by weight, causing ‘a reaction
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by the addition of water and the application
of heat and carbonating the product of such
reaction.

13. As a new article of manufacture, a
finely divided material resulting from the
calcination of the product of reaction of
lime and finely divided silica in the presence
of water. ' :

14. As a new article of manufacture, a
finely divided material as set forth in claim
18, carbonated during calcination.

15. A finely divided product obtained by
calcination of the product of a reaction of
lime and diatomaceous earth in the presence
of water. ‘

16, As an article of manufacture a finely
divided product as set forth in claim 15,
carbonated during caleination. :

17. A new article of manufacture pro-
duced by mixing approximately 60 parts of
disintegrated diatomaceous earth with 112
parts of lime by weight, causing a reaction
by the addition of water and the application
of heat and calcination of the product of
such reaction. :

18. A new article of manufacture as set
forth in claim 17, carbonated during the
calcining operation. '

19. The process of making a new article
of manufacture comprising maintaining a
hot mixture of finely divided silica, lime
and water until reaction occurs, then remov-
ing the excess water from the product of
such reaction and finally calcining the partly
dried product. '
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In testimony whereof I have hereunto sub- 78

scribed my name this 16th day of June, 1925.
HERBERT A. ENDRES.



